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EXECUTIVE SUMMARY

A. Introduction

This report reviews and evaluates the outcomes of the ERCOT wholesale electricity markets in

2011, and is submitted to the Public Utili§go mmi ssi on of Texas (APUCTO)
Reliability Council of Texas (AERCOTO) pursua
the Public Utility Regulatory Act. It includes assessments of the incentives provided by the

current market rules amqtocedures, and analyses of the conduct of market participants. This

report also assesses the effectiveness of the scarcity pricing mechanism pursuant to the

provisions of PUCT Substantive Rule 25.505(g).

ERCOT transitioned from the zonal market deskgat had been in place since 2001 and
implemented the nodal market design on December 1, 2010. Thus, this is the first annual report
that contains an entire year of nodal market operatigey.findings and statistics from 2011

include the following:
C TheERCOT wholesale market performed competitively in 2011

C The ERCOTwide loadweighted averageeattime energy price was33.23per MWh in
2011, a 35 percent increas®m $39.40per MWh in 2A0. The increase was primarily
driven by extreme weather in February and Augusth ledto operating reserve
deficiengesthat resultedn real time energy prices reaching®3 per MWh for

sustained periods of time

C The average price for natural gas \W@a®b6 lower in 2011 than in 2010, decreasing from
$4.34per MMBtu in 2010 to $.94per MMBtu in 2011.

C Total ERCOT load in 201 was5.0 percenthigher than 2010 Peak load increased by
4.0 percent setting a new all time systemourly peak 0f68,379MW on August3™.

C The West to North interface constraint was the most frequently occtnaimgmission
constraint in 2011. It was active at some point during every month and was binding more

than 20 percent of the time.
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C More reliable and efficient shortage pricimgchanisms than existed in the zonal market
allowed energy prices to rise automatically up tosystemwide offer capduring
periods ofoperating reserve shortagdices at the systeiwide offer cap were
experienced irdispatch intervals whictotaled 28.5hoursin 2011, or 0.33 percent of the
total hours

C Netrevenuegrovided by the markeén 2011were sufficient to suppomvestment in
either newsimplecycle naturabasfired turbines or natural gagired combinedcycle

generation.This was largely the result of the increase in shortage pricing in 2011.

B. Review ofRealTime Market Outcomes

As is typical in other wholesale markets, only a small share of the power produced in ERCOT is
transacted in the spotarket However, the pricingutcomes in theeal timeenergy market are

very important because theet theexpecations for prices in thiorward marketsvhere most
transactions take placélnless there are barriers prevagtarbitrageof the pricedbetweerthe

spot and forward markets, the prices in the forward market should be directly related to the
prices in the spot market

The areragereaktime energyprices by zone i2008through2011are shown below:

Average Real-Time Electricity Price

2008 2009 2010 2011
ERCOT $77.19 $34.03 $39.40 $53.23
Houston $82.95 $34.76 $39.98 $52.40
North $71.19 $32.28 $40.72 $54.24
South $85.31 $37.13 $40.56 $54.32
West $57.76 $27.18 $33.76 $46.87

Natural Gas $8.50 $3.74 $4.34 $3.94

The largest component of the-allcostof wholesale electricity is the energy cost, which is
reflected by the locational marginal prices determined in thetirralenergy marketERCOT
average reaiime market prices were 35 percent higher in 2011 than in. Z0#ERCOT-wide
load-weighted aerage pricavas$53.23 per MWh in 2011 compared to $39%40 MWh in
2010. February and August experienced the largestases to redime energy prices 2011,

averaging 67 and 160 percent higher than the prices in the same months in 2010creasesn
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in both months were driven by extreme weather conditidrish ledto operating reserve

deficiencies resulting in resiime energy prices reaching $3,000 per MWh for sustained periods

of time.
Average All-in Price for Electricity in ERCOT
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The increase in redime energy prices was partially offset by lower fuel prices in 20dtural

gas price decreased 9 percent in 2011, averaging $3.94 per MMBtu in 2011 compared to
$4.34per MMBtu in 2010. Althouglower natural gas pricesontributedto lower realtime

energy prices in many hours, these reductions were smaller than the price effects of the shortages

in February and August.

To depict how realime energy prices vary by hour in each zone, the next figure shows the
hourly average pricewtation curve in 2011 for four ERCOT load zones. The Houston, North

and South load zones had similar prices over the majority of hours. The price duration curve for
the West Zone is noticeably different than the other zones, with more hours with peiies gr

than $5Qper MWh and over 800 hours (9 percent of the time) when the average hourly price was
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less than zero. Thaccurrences ofelatively low prices in the West zone are generally caused by

high wind output in the West that frequently resultsemese congestion on transmission

interfaces from the West zone to the other zones in ERCOT ocluerences afelatively

higher prices in the West zone are caused by local transmission constraints that typically occur

under low wind and high load conditis. Specifics about these transmission constraints are

provided in Sectiomll, Transmission and Congestion

Zonal Price Duration Curves
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Theexamination of the redglme energy market continues with an evaluation of implied heat
rates at various load levels. The implied heat rate is a metric that shows changes in exesrgy pri
that are not due to changes in fuel prices. It is calculated by dividing titémeadnergy price

by the natural gas pricel he figure below provides the average heat rate at various system load

5,000

6,000

7,000 8,000

levels for 2011 and 2010. In a well performing markeclear positive relationship between

these two variables is expected since resources with higher marginal costs must be dispatched to
serve higher loads. Although there is generally a positive relationship, a noticeable disparity for

loads between 58nd 55 GW can be observeDuring the extreme cold weather event in early
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February, loads were at this level while prices reached $3,000 per MWh for a sustained period of
time. Small reductions in heat rates for most load levels during 2011 compafddtwvre

observed and may be attributed to the enhanced efficiency of the nodal market.

Heat Rate and Load Relationship
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February Cold Weather Event

A significant operational challenge greeted the nascent nodal market in the early morning of
February 22011, wherthe ERCOT region experienced extreme cold weather conditions, record
electricity demand levels, and the loss of numerous electric generating facilities across the

ERCOT region. These events combined to result in the deployment of load resoutcasted

to provide responsive reserve service and Eme
culminated with 4,000AW of firm load being shed for several hourBhe resulting market

outcomes had a sizable effect on the overall annual results.
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During the morning oFebruary 2°, ERCOT operating reserve levels were reduced to perilously

|l ow | evels for a sustained period of ti me. E
reserves i s Physical Responsi ve vRiesskevwlsd (APRC
EEA once PRC drops below 2,300 MWhe figure belowshows the wholesale market prices

and PRC from 21:00 on February 1 througtOP on Februarg, 2011.

Prices and PRC (2/1/11 21:00 2/2/11 21:00)
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These wholesale market pricing outoeswereconsistent with the ERCOT energply market

design. The wholesale market prices began communicating the degradation in system reliability
as early as 3:30 a.m. By 4:55 ainl5 minutes prior to the reduction of PRC below the

minimum acceptableevel of 2,300 MW and 50 minutes prior to the first stage of firm load
shedding prices were consistently communicating the rapidly deteriorating system reliability
conditions. Finally, as load levels naturally reduced and reserve levels were rgstoesd,

dropped back to levels typical of nghortage conditions.
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August Weather Conditions and Shortages

The summer of 2Qwill be remembered as the hottest and driest on rendt®COT. These
extreme weather conditions ledrecordhigh demand for electricitguring August There were
50 hours in 2011 with electricity demands that exceeded the highest hourly demarduhaid
in 2010

Duration of Prices at the System Wide Offer Cap

N
o

17.41

=
(]

Prices wereat the System Wide
Offer Cap for 28.5 hours in 2011

=
o

(&)

Duration of Prices at the SysteiWide Offer Cap (Hours)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

During these high demand conditions there ighareased likelihood that the available

generation capacity is not sufficient to meet customer demands for electricity and maintain the
required reliability reservesThe nodal market causes energy prices to rise toward the system
wide offer cap as avaltde operating reserves approach minimum required levels to reflect the
degradation in system reliabilitf?resented in the figure above is the aggregated amount of time
represented by all dispatch intervals where thetneed energy price was at the sstwide

offer cap, displayed by month. Of the 28.5 hours of the annuatitoght the systerwide

offer cap, more than 17 hours (60 percent) occurred during August.
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C. Review ofDay-Ahead Market Outcomes

The performance of the dahea market ismportant because @ordinates the commitments
of the ERCOT generation and most wholesale energy bought or sold through the ERCOT
markets is settled in the dajnead market. Daghead market performance is primarily
evaluated by the degree to whichatgcomes converge with those of the +tale market
because the redilme market reflects actual physical supply and demand for electricity. In a
well-functioning market, participants should eliminate sustained price differences by making

day-ahead purciises or sales to arbitrage them over the-teng.

To measure the sheteérm deviations between reiitine and dayahead prices, the average of the
absolute value of the difference between thealasad and redime price on a daily basis

also calculsed

The figure belowshows the price convergence between theatead and redime market,
summarized by monthThe simple average ohgrahead prices 2011 was$46 per MWh
compared tahe simple averagef $43 per MWh for reatime prices. This slight premium is
consistent with expectations due to the much higher volatility otireal prices. Risk is lower
for loads purchasing in the dajpead and higher for generators selling-dagad. The higher
risk for generators is associated with tiségmtial of having a forced outage and buying back
energy at realime prices. This may explain why the highest premiums occurred during the
highest priced months. Overall, the e&tyead premiums were very similar to the differences
observed in 2009 arzD1Q
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Convergence between Forward and Realime Energy Prices
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The average absolute differertmetweerday-ahead and redime priceswas $24.50 per MWh in
2011; much higher than in the previous two years wherawbege absolute differeneas
$12.5and$12.37in 2010 and 2009, respectivelyhis large increase was the result of the
significant periods of very high retime prices during February and AugusRemoving the
contribution from these two months reducesdherage absolute differente$11.49%er MWh
in 2011.

Summarized in the figure below is the volume of-dagad market activity by month. It shows
that dayahead purchases are approximately 40 percent efimeaload. These energy
purchases are met through a combination of géwregaecific and virtual offersOnce the

effects of net energy flows associated with purchases of PTP Obligations are included, total
volumes transacted in the dafiead market are, on average, greater thattinealload.
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Volume of Day-Ahead Market Activity by Month
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Ancillary Service capacity is procured as part of the-alagad market clearing. The figure
belowshows the monthly total ancillary service costs per MWh of ERCOT load and the average
real time energy price for 2008 through 20Iatal ancillary service costs are generally

correlated with realime energy price movementshich are highly correlated with natural gas

price movements. The average ancillary service cost per MWh of load increased to $2.41 per
MWh in 2011 compared tol&6 per MWh in 2010, an increase of 91 percent. Total ancillary
service costs increased from 3.2 percent of thevegighted average energy price in 2010 to
4.5percent in 2011.
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Transmissionand Congestion

Therewere more than 300 differetrtansmissiorconstraints active at some point durnegt

&+

Real Time Electricity Price (

time operations i2011. The median financial impaaftall these constraintes measured by

congestion rentvas approximately $300,000.

The figure belowdisplaysthe ten most costly reéiime constraints and indicates that the West to
North interface constraititad the highest financial impaatiring 2011.The West to North

interface constraint is very similar to the competitively significant constraint thag@sistce

t he

inception of ERCOTO6s zonal

mar ket .

Thr ou

delivering all the wind generation located and produced in the western reaches of ERCOT to the

load centers. The West to North interface constraint veamtist frequently occurring

constraint in 2011. It was active at some point during every month of 2011 and was binding

more than 20 percent of the time in 2011.
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Top Ten RealTime Constraints
Congestion Rent in $Million
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Two additional constraints on the list are also related to xoese wind generation, although in
different directions. The Nicole to Oak Creek constraint is a small capadiy B&nsmission
line that typically overloads under high wind conditions, while due to its load serving nature, the

Odessa North 138/68V transformer typically overloads under low wind conditions.

The second and third constraisteown in the figurare similar and reflect limitations on the
amount of electricity that can be reliably imported into the Rio Grande Valley. This was most
notalde during the cold weher event of early FebruaryVhereas system wide generation
shortages were limited to Februafy, 2xtremely high customer demands for electricity coupled
with the extended planned outage of local generation led to shortagesutidgéoad
curtailments in the Valley over the next two days. Constraints limiting imports to the Valley
were active and not able to be resolved for a total of 13 hours during January and February.

To maximize the economic use of scarce transmissipadity, the ideal outcome would be for
the actuatransmission lindlows to reach, but to not exceed the physical limits required to

maintain reliable operations.
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Utilization of the West to North Interface Constraint
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The figure above presents a summary of the utilization of the most active transmission constraint
during 2011, the West to North interface. Its average utilization is determined by comparing the
actual flow with the physical limit of the constraint fochaealtime dispatch interval it was

binding Although there was significant variation throughout the year, the average physical limit
was slightly less than,@00MW and the average actual flow during constrained intervals was
approximately BOOMW. The average annual utilization of 76 percent compares favorably to

64 percent utilization experienced during the final months of the zonal market. Even more
encouraging is the upward trend in utilization observed in the latter part of the year. This
increase may be attributed to increased operator confidence that gensgoifscallywind

generatorsn this casewill reduce their output as expected when the constraint is active.

There should be opportunity for increased limits in the short term ardregher utilization of
this constraint as ERCOT implements more sophisticatedinealanalysis of this constraint,
rather than relying on offne studies. Over the long term, the physical limit will increase as

CREZ transmission projects are comptete
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E. Load and Generation

This figurebelowshows peak load and average load in each of the ERCOT zones fr8ito 200
2011 In each zone, as in most electrical systems, peak demand significantly exceeds average
demand.The North Zone is the largest zomgth about39 percent of the total ERCOT load);

the South and Houston Zones are compar@iedrcentwhile the West Zonées the smallest

(7 percentof the total ERCOT load)The figure alsshows the annual necoincident peak load

for each zone. This the highest load that occurred in a particular zone for one hour during the
year, however, the peak can occur in different hours for different zones. As a result, the sum of

the noncoincident peaks for the zones was greater thaartheal ERCOT peak éal

Annual Load Statistics by Zone
Change in Real-Time Load (2010 to 2011)
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Total ERCOT load increased from 319 TWh in 2010 to 335 TWh in 2011, an increase of
5.0 percent or an average of approximateBOD MW every hour. Similarly, the ERCOT
coincident peak hourly demand increased from 65,776 MW in 2068379 MW, an increase
of roughly 2600 MW, or 4.0 percent.
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To provide a more detailed analysis of load at the hourly lwehext figurecomparedoad
duration curves for each year from 3@6 2011. A load duration curve shows the number of
hours (shown on thieorizontalaxis) that load exceeds a particular level (shown onehecal
axis). ERCOT has a fairly smooth load duration curve, typicanost electricity marketsyith

low to moderate electricity demamdmost hoursandpeak demand usually occurring during the

lateafternoon and early evening hours of days with exceptionally high temperatures.

Load Duration Curve i All hours

70
Frequency of High Demand
65\ >60 GW >50 GW > 40 GW
2008 17 760 2,147
2009 75 761 2,038
60 - 2010 114 930 2,424
\ 2011 374 1,323 2,901
55 N\ \
50 N
2 \
e
€ ) 7 \
o
-
40 ~ \
35 2011 =
2010
30 2009 :
2008
25
20 : : : : : ‘ ‘ : '
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

Number of Hours

As shown in the figure abovehé load duration curve for 2Qis significantly higher than in
2010 across all hours of the year. This is consistent with the aforementiompedca6t bad
increase from 201t 2011.

Although therewere very few new unitglaced in service during 201ty comparing the current
mix of installed generation capacity to that in 2007, as shown in the figure below, the effects of

longer term trendmay be observed
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Installed Capacity by Type: 2007 to 2011
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Over these five yearwind and coal generation are the only two categories with increased
capacity. However, the sizable additions in these two categories have been more than offset by
retirements of natural gas fueled steam units, resulting in less installed capacity th&®1

there was in 2007.

The next figure shows the wind production and local and zonal curtailment quantities for each
month of 2010 and 2011. This figure reveals that the total quantity of curtailments for wind
resources once again increased in 20bh&mcompared to 2010, even as actual production

increased.

Pagexvi



ERCOT 2011 State of the Market Report Executive Summary

Wind Production and Curtailment
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Increasing levels of wind resource in ERCOT also has important implications for the net load
duration curve faced by the navind fleet of resources. Net loaddsfined as the system load
minus wind productionThe figure belowshows the net load duration curves for 2008 through
2011, normalized as a percent of peak load. This figure shows the continued erosion of
remaining energy available for nevind units toserve during most hours of the year, with much

less impact during the highest loads.
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Net Load Duration Curve
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F. Resource Adequacy

One of the primary functions of the wholesale electricity market is to provide economic signals

that will facilitate the invesnent needed to maintain a set of resources that are adequate to
satisfy the systembébs demands and reliability
estimating the fAnet revenueo neWNetreeesueigtheces wo
total revenue that can be earned hbyesv generating unit less its variable production co$tat

another wayit is the revenue in excess of sharh operating costhatis available to recover a

uni t 6s f i xedindudirdya etarp onttha iestroeat Net sevenues from the

energyand ancillary servicesarkets together provide the economic signalsittiatm
suppliersd decisions to invest in nmw generat
equilibrium, markets should provide safént net revenue to allow an investordgeive a

return of, and o@n investment in a new generating unit.

The figure belowshows the results of the net revenue analysis for four tygegpothetical new

unitsin 2010 and 2011 These are: (ajaturl gasfueledcombinedcycle, (b)natural gas fueled
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combustion turbine, (c) co@ileled generatoand (d) a nuclear unit. For the gasd

technologies, net revenue is calculated by assuming the unit will produce energy in any hour for
which it is proftable and by assuming it will be available to sell reserves and regulation in other
hours that it is available. For coal and nuclear technologies, net revenue is calculated by

assuming that the unit will produce at full output.

Estimated Net Revenue
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B Energy Sales I I
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®
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& $150
>
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@
< $50 I I
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The energy net revenues are computed based @etieeation weighted settlement point prices
from the realtime energy market. Weighting the energy values in this way masks what may be
very high locational values for a specific generator location. @merators may also receive
uplift payments because of their specific reliability contributions, either as a reliability must run,
or through the reliability unit commitment.his source of revenue is not considered in this
analysis. The analysis alsaindes simplifying assumptions that can lead to -@&timates of

the profitability of operating in the wholesale mark8tartup costs and minimum running times
and ramp restricticgy which can prevent the natural gas generators from profiting duiigefg br

price spikesare not explicitly accounted for in the net revenue analysis. Despite these
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limitations, the net revenue analysis provides a useful summary of signals for investment in the

wholesale market.

The figureaboveshows thathe net revenufr every generation technology type increased

2011 compared t@ach zonén 2010. Prior to 2005et revenues were well below the levels
necessary to justify new investmentimal and nuclear generation. However, high natural gas
pricesthrough 208 allowed energy prices to remain at levels high endaglupport new entry

for these technologieslhe production costs of coal and nuclear units did not change
significantly over this period, leading to a dramatic rise in net rever@esditions haveow
changed with the much lower natural gas prices experienced through 2011. The estimated net
revenue for both a new coal or a nuclear unit in ERCOT were well below the levels required to

support new entry, despite the relatively frequent shortage¥lih 2

e For a newcoalunit, the estimated net revenue requirement is approxinmkéyto
$270per kWryear. The estimated net revenue in 2011 for a new coal unit was less than
$160 per kWyear.

e For a new nuclear unit, the estimated net revenue recemtasapproximatel$280 to
$390 per kWyear. The estimated net revenue in 2011 for a new nuclear unit was

approximately $270 per kWear.

e [For a new natural gas fueled combustion turbime eistimatedet revenueaquirement
is approximatelyp80to $105 per kWryear The estimated net revenue il2@or a new
gasturbineranged from $10per kWtyear in theNorth zone to $11%er kWhyear in the
Houston zone, indicating that for the first time since 2008 that net revenues were

sufficient to support negas turbine generation.

e For a newnatural gas fueledombined cycle unit, the estimated net revenue requirement
is approximatelyp105 to $135 per kWear. The estimated net revenue in 2011 for a
new combined cycle unit ranged from $133 per-i&dr in theNorth to $140 per kW
year in Houston, again indicating that 2011 was the first time since 2008 that net
revenues have been sufficient to support new combined cycle generation in ERCOT.
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Even though net revenues for the Houston and South zone in 200&wesgdpeared to be

sufficient to support new gas fueled generation, it was actually extremely inefficient transmission
congestion management and inefficient pricing mechanisms associated with the deployment of
non-spinning reserves which led to high prieesl resulting highrethan warranted net revenues.
Discounting the effect that the 2008 results would have had on forward price signals, we find
that 2011 is the first time in five years that net revenues have been sufficient to support either

new gas turine or combined cycle generation.

Scarcity PricingEffectiveness

PUCT SuBsT. R. 25.505provides that the IMM may conduct an annual review of the

effectiveness of the SPMIhis subsection provides an assessment of the effectiveness of the
SPM in 2011 undenlynaReicture. Iemaeketgwth a lelegm

capacity market, fixed capacity payments are made to resources across the entire year
independent of theelationship between retime supply and demand. The objective of the
energyonly market design is to allow energy prices to rise significantly higher at times when the
available supply is insufficient to simultaneously meet both energy and minimuatioger

reserve requirements. Allowing energy prices to rise during shortages mirrors the outcome
expected if loads were able to actively specify the quantity of electricity they wanted and the

price they would be willing to pay. The energyly market degn relies upon these relatively
infrequent occurrences of high prices to provide the appropriate price signal for demand response
and new investment when required. The expectation of competitive energy market outcomes is
no different in energynly thanin markets that include a capacity market. However, capacity
markets are designed to ensure a specified planning reserve margin, which may be higher than an
energyonly market would achieve. Under this condition the higher planning reserve margin will

save to reduce the frequency of shortages in the energy market.

The SPM includes a provision termed the Peake
measure the annual net revenue of a hypothetical peaking unit. Under the current rule, if the

PNM for a year reaches a cumulative total of $175,000 per MW, the systdenoffer cap is

then reduced to the higher of $500 per MWh or 50 times the daily gas price index.
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The next figureshows the cumulative PNM results for each year from 2008 throughaz@il 1

shows that PNM in 2011 was higher than it has ever béenpreviously describethe net

revenue required to satisfy the annual fixed costs (including capital carrying costs) of a new gas
turbine unitranges from $80,000 to $105,000 per M@ar. Thus, ashownbelowand

consistent with the previous findings in this section relating to net revenue, the PNM reached the

level sufficient for new entry in 2011.
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Although the nodal market implementation brought about more reliable andrafSbi@tage
pricing there remain aspects of the ERCOT-tiaé energy pricinghat can be improved.
These improvements would address conditions that cause energy prices to understate the
marginal costs of satisfying the raahe demand. In particulareal time energy prices do not
fully reflect:

e The value of curtailed load when load resources are deployed;

e The value of reduced reliability when responsive reserves espioning reserves have

been converted to energy;

e The costs associated with startengd running the gas turbings other resources not

dispatchable in the-Bhinute energy dispatcthatwere being deployed to meet demand.

After multiple protocol revisions are implemented in 2012 -tiead energy price formation will
be improved, buthte nonspinning reserve deployment process remsiifisoptimal from a
reliability and efficiency perspectivée continue to recommend that ERCOT develop a
mechanism that willationally commitgeneration anébad resources that castartor curtail

within 30 minutes

This deficiency i n ERCOThéaldressed ey implementikgedto odke s i g r
aheado di s p a forthe reéitime marketo pradliceanegergy and ancillary
servicexommitment and dispatch results that @r@ptimizedand recognize anticipated

changes in system demandghis additional functionality representsnajor change to ERCOT

systems; one we recommetagjethemwith improvedpricing provisionsthat will allow offers

from load resource® set prics if they are required to meggstemdemand.

An effective lookahead dispatch functionality should also reduce the price dampening effects of
energy produced by units operating below their low sustainable operating limit. Although
alternatives have beeniggested to address this issue in a standalone manner, we believe the

better approach will be to develop a comprehensive look ahead dispatch solution.

Expectations about both the magnitude of the energy price during shortage conditions and the
frequencyof shortage conditions are what will attract new investnreah energyonly market

In other words, the higher the price during shortage conditions, the fewer shortage conditions
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that are required to provide the investment signal, and vice vassaiehave continually

observed since the SPM was first put in pladati®@2006,the magnitude of price expectations is
determined by the market rules established by the PUCT, and it is yet to be seen whether the
frequency of shortage conditions over timel e sufficient to produce market equilibrium that

satisfies the current reliability requirement of maintaining a 13.75 percent planning reserve.

Proceedings are currently underway at the PUCT to review both the magnitudes of prices during
operating resrve shortage conditions and the current reliability requirement; specifically

whether the assumptions relating to the planning reserve margin calculation are appropriate for
the ERCOT energgnly market, and whether the resulting value is to be treatedaaiget or a
minimum requirement. Upon clarification of these issues, policy options will be considered to
ensure that the market design elements are properly linked to the chosen resource adequacy
objectives.

As extreme as the weather and resultingl vas in 2011the total number of dispatch intervals

with systerawide energy prices at the offer cap amounte2B&hours Although ret revenus

were sufficienfor new gas generatiptheywere not overly so. Even with tiprovements
discussed, peing during shortage intervals may need to be even higlesrsure that

investments in new supply and/or demand resources result in maintaining the minimum required

installed reserve margin.

G. Analysis of Competitive Performance

The report evaluates markmwerfrom two perspectives, structural and behaviordie T

Resi dual D e ma nisdused ttadatyze markeRsDuctargihe RDI is used to

measure the percentage of load that cannot be served without the resources of the largest
supplier, assuminthat the market could call upon all committed and cisiekt capacity owned

by other suppliersWhen the RDI is greater than zero the largest supplier is pivotlis,its
resources are needed to satisfy the market demand. When the RDI is leesdhao single
supplierbés resources are required to serve

available.
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The RDI is a useful structural indicator of potential market power, although it is important to
recognize its limitations. Asstructural indicator, it does not illuminate actual supplier behavior

to indicate whether a supplier may have exercised market power. The RDI also does not indicate
whether it would have been profitable for a pivotal supplier to exercise market poawsevét,

it does identify conditions under which a supplier would have the ability to raise prices

significantly by withholding resources.

The figure belowsummarizes the results of our RDI analysis by displayingéheent of time at
each load levahereas a pivotal supplier. At loads greater than 65 GW there is a pivotal
supplier 10(ercent of the time. The figure also displays the percent of time each load level
occurs. Combining these values we find that ther®an@votal suppliem approximaty

15 percent of all houref 2011 As a comparison, the same systeimde measure for the
Midwest ISO resulted in zero hours with a pivotal supplier.
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It is important to recognize that inferences regarding madeer cannot be made solely from

this dat a. Bil ater al contract obligations ca
example, a smaller supplier selling energy in thetieed energy market and through shi@tm

bilateral contracts may haverauch greater incentive to exercise market power than a larger

supplier with substantial loagrm sales contracts. The RDI measure shown ipréngous
figuredoesnot onsi der the contractual position of th
incentive to exercise market power compared to thedaolpasted capacity assumption made in

this analysis.

The behavioral aspects of market power abuse are evalugtedc al cul ati ng an fou
output gap is defined as the quantity of energy thabt being produced by-Bervice capacity

even though the iservice capacity is economic by a substantial margin giveretéme

energy price. A participant can economically withhold resources, as measured by the output gap,

by raising its energyfters so as not to be dispatched

Resourceare considered for inclusion the output gap when they are committed and producing
at less than full output. Energpt producedrom committed resources is included in the output
gapif the reattime energy fgce exceeds by at least $50 perMWHh at uni t 6 s mi ti gat

which serves as an estimate of tharginal production cost of energy from that resource.

Before presenting the results of the Output Gap analysis, a description of tbiepvaspect of
ERCOTO6s dispatch software is required. I n th
| evel s (Base Points) and associated | ocationa
offer curves and only considering transmission constrainthtwe been deemed competitive.

These Areference priceso at each generator 1| o
offer cap, and the higher of the two is used to formulate the offer curve to be used for that

generator in the second stephie dispatch process. The resulting mitigated offer curve is used

by the dispatch software to determine the final output levels for each generator taking all

transmission constraints into consideration.

If a market participant has sufficient market povitemight raise its offer in such a way to
increase the reference pricethe first step. Although in the second step, the offer appears to be

mitigated, the market participant has still influenced the market price. This output gap is
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measured by the difer ence bet ween the capacity | evel on
first step reference price and the capacity |
reference price. However, this output gap is only indicative because no iostpuctions are
sent based on the first step. It is only used to screen out whether a market participant is

withholding in a manner that may influence the reference price.

The ultimate outputgagme asur ed by the diff emgtkevwiaedtieet we en
output level had the unit been competitively offered to the mark#telsecond step of the

dispatch the aftermitigation offer curve is used ttetermine dispatch instructions and locational

prices. As previously illustratedeven thouglthe offer curve is mitigated theis still the

potential for thanitigated offer curveo be increased as a result of a Higst step reference

pricedue to anarket participangxertingmarket power

Incremental Output Gap by Load Level and Participant Size
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The figure above shows the magnitude of the output gap to be very small, even at the highest

load levels, for both steps in the dispatch proc@smse small quantities raise no competitive
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concerns.In summary, we find that the ERCQibdd wholesale market performed

competitively in 201.

H. Nodal Market Performance and Recommendations

As discussed in prior ERCOT State of the Market Reports, implementation of the nodal market

was expected to provide tha@lowing improvements:

C Fundament al I mprovements in ERCOTOs abilit

congestion, which is one of the most important functions in electricity markets

C The nodal market will enable atinsmissiorcongestiorto be managethroughmarket

based mechanisms

C The nodal market will providegiter incentives to market participants, facittatore
efficient commitment and dispatch of generation, and impEopR COTO6s oper ati on

control of the system.

C The use of nit-specificdispatchin the nodal markewill allow ERCOT to more fully
utilize generating resources than gomalmarket,which frequently exhibitegrice
spikesevenwhen generating capaciyasnot fully utilized.

C The nodal market will allow ERCOT to increase #tconomic and reliable utilization of

scarce transmission resources well beyond that attainable in the zonal market.

C The nodal market will significantly improve the ability to efficiently and reliably
integrate the evegrowing quantities of intermitteémesources, such as wind and solar

generating facilities.

C The nodamarketwill produceprice signals thabetter indicate wheneew generation is

most neede¢and where it is notjior managing congestion and maintaining reliability.

In the longterm,these enhancements to overall market efficiency should translate into
substantial savings for consumerhis report reviews the first year of nodal market operations,

highlights the areas of expected improvements that have been observed in the first year
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documents areas of unanticipated outcomes during the nodal transition, and provides

recommendations for future improvements to the nodal market.

Overall pricing outcomes from the nodal riate market have met expectations for improved
efficiency. Thediscussion ofigurell, Figurel3, andFigurel4onpagesl?2and14-15

describes how prices are much more appropriately correlated with loathlévelnodal market
than they were in the zonal mark&ectionV.B, Effectiveness of the Scarcity Pricing
Mechanism specificallyat page84, provides more details abotite improved pricing during
shortage conditions, now that scarcity pricing is no longer dependent upon the offers from
participants with small generator fleefBhe nodl market has also enabled the higher utilization

of transmission facilities as described in the discussidtiguire36, on pagels.

Three areas where the nodal market implementation led to unanticipated outcomes were
identified and quickly resolved in 201The calculation of reaime settlement point prices

every 15 minites at resource node locatiargginally included weighting the prideom each
dispatch interval by thdispatch level (base point) tife resourceThis led to price differences
between locations when there was no transmission conge3tiase pricealifferences would

have resulted in payments and chatgeswners oPointto-Point Obligations an@ongestion
Revenue Rights settled in raahe which were not supported byaktime congestion rent and
would haverequired uplifted payments to suppofthe base point weighting factor was removed
with the implementation of NPRR 326.

As described irsectionlll.A , ReatTime Constraintat paget6, transmission constraint and
base point oscillations were observed during the spring of 2011. After ERCOT modified their
constraint management software and started providing the curtailment flag to wind generators, as

required under RRR285, there have been no more occurrences of constraint oscillation.

The last area of unanticipated outcomes has to do with the modetimgy tedinsmission system
and the impact thate-energizedlementshad onlocational prices Shortly aftethe
implementation ofthe nodalmarket it was determined thathlvenparticular generatioresources
were offline,according to the established pricing rulesrég-time price at that location was set
using a systemwide value. This created inconsistent prigbetween the daghead and real

time markets, allowing participants to acquire cerfgintto-Point Obligationgor low, or no
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cost in the dayahead market and receive payment because thergeadtiene price differences.
In February 2011, ERCOimproved their network model lgddng hundreds of transmission
system elementst 140 locations.This model improvement, combined with NPRR343 which
precludes parties from buyirRpintto-Point Obligationdetween electrically similar locations,
has greatlyeduced the potential for this type of inefficient trading activity. Howewsder

certain combinations of transmission equipment outagei$ar price discrepancies can occur.

In conjunctionwith any market desigohanges thanay result fronthe currentPUCT
proceedings related to resource adequaeyrecommend improvementsttoo aspects of the

nodal market design

1. We recommend a changethe automated mitigation procedures that are part of the real
time dispatch to eliminate the occurrenoésvermitigationwe have observedAs more
fully described irSectionVI.C, Mitigation at pagel07, we support introducing a test to
determine whether a unit &thercontributing to, or helpingp resolve a trasmission

constraim and only subjedherelievingunitsto mitigation.

2. We recommend a change to the {&@le market software to allow it'took ahead" a
sufficient amount of time to better commit load and generation resources that can be
online within 30 minutesMore discussion of this top@an be foundtarting on pag86

in SectionV.B, Effectiveness of the Scarcity Pricing Mechanism
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. REVIEW OF REAL-TIME MARKET OUTCOMES
A. RealTime Market Prices

Our firstanalysis evaluates the total cossapplying energy to servead in the ERCOT
wholesale marketln addition to the costs of energy, loads incur costs associatedmneitlary
servicesanda variety of normarket based expenseseredto asii u p | Wé hawe calculated
an average aih price of electricity for ERCOT that is intended to refletiolesalesnergy costs

as well as these additional costs.

Figure 1. Average All-in Price for Electricity in ERCOT
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Energy, ancillaryservicesand uplift costare the three components in #ikin price of

electricity The ERCOT wide price ithe load weighted averagéthereattime markefprices

from all load zones Prior to ERCOT dmarketantDecembe2010,n t o t he
energy costs are determined from the zonallancingenergy market.Ancillary services costs

are estimated based twial systendemand and prices in the ERCOT markets for regulation,
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responsive reserves, and repinning reseres. Uplift costsare assigned marketide on a load
ratio share basis to pay for charges associated with additediadaility unit commitment and

anyreliability mustrun contract.

Figurel shows the monthly average-ail price for all of ERCOT from 2@®to 2011 and the
associated natural gas price. With the noticeable exception of February and August last year,
Figurel indicates that natural gas prices were a primary driver of the trends in electricity prices
from 20 to 2011 Again, tis is not surprisig given that natural gas is a widelgedfuel for

the production of electricitin ERCOT, especially among generating units that most frequently
setlocational marginal prices in the nodal markas discussed latethe highprices in February

and August were the result of extreme weather conditiodiig#o generation scarcity.

The largest component of the-allcostof wholesale electricitis the energygost, which is
reflected by théocational marginal pricesAs is typical in other wholesale markets, only a small
share of the power produced&RCOT is transacted in the spot markeiowever, the pricing
outcomes in theeakttime energy market are very important becausg Het theexpecations for
prices in thdorward markets (including bilateral marketg)ere most transactions take place.
Unless there are barriers prevegtarbitrageof the pricedbetweerthe spot and forward
markets, the prices in the forward market should be directly related to the prices in the spot
market {.e., the spot prices and forward prices should convergetbgdongrun). Hence,
artificially low prices in theeaktime energy market will translate to artificiallpw forward
prices. Likewise, price spikes in theattime energy market will increase prices in the forward
markets. This sectionevaluates andummarizs electricity prices in the reaime markeduring
2011,

To summarize the price levels during the past four y&agsye2 shows thanontHy load
weighted averagprices inthefour geographi€RCOT load zonesThese prices are calculated
by weighting the energy price for each interval and each zone by the total zonal load in that
interval. Since December 2010 these prices vamterminedy thenodalreakttime energy

market. Prior prices were derived from the zdradhncing energy market.oad-weighted

1 Prior to December 2010 uplift costs included chargesdibof-merit energy and capacity, replacement reserve

services and any reliability must run contracts.
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average prices are the most representative of what loads are likely to pay, assunmeadjttinee

energy prices are, on average, generally consistent with bilateral contract prices

Figure 2: AverageRealTime Energy Market Prices
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ERCOr-wide loadweighted average pricgas$53.23per MWh in 201 compared to
$39.40per MWh in 2010 February and Augusixperienced thirgestincreases toeaktime
energypricesin 2011, averaging7 and160 percenthigherthanthe prices in the sammonths in
2010. Price increases in both months were driven by extreme weather condikimhsledto
operating reserve deficienciessulting inreattime energy prices reaching,$80 per MWhfor
sustained periods of time

The increase in redime erergy prices was partially offset by lower fuel prices in 208atural
gas price decreasd 9 percentin 2011, averagingb3.94per MMBtu in 2.1 compared to
$4.34per MMBtu in 2A.0. Althoughlower natural gas pricesontributed to lower regime
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energyprices in many hours, these reductions were smaller than the price effects of the shortages
in February and August.

To provide additional perspective on the outcomes in the ERCOT market, our next analysis
compares the alh price metrics for ERCOT and a@helectricity markets. The following figure
compares the alh prices in ERCOT with other organized electricity markets in the U.S.: New
York ISO, ISO New England, PJNWlidwest ISQ and California ISO

Figure 3: Comparison of All -in Prices across Markets

$120
m Capacity
m Uplift
$100 m Ancillary Services [
"—; L B Energy
= $80
]
o
&
38 $60
a
2
L
= $40
Q
w
$-
ERCOT NYISO ISGNE Hub PJM MISO CAISO
Average Average Average

For each region, the figure reports the average cost (per MWh of load) for energy, ancillary
services (reserves and regulation), capacity markets (if applicable), and uplift for economically
out-of-merit resourcesFigure3 shows thaERCOTall-in pricesin 2011 were on par with the

all-in prices from the other markets with centralized capacity marketsliscussed in more

detail in SectiorV.A, Net Revenue Analysisifter two years of inadequate prices signals,
ERCOT energy priceis 2011 rose to levels to support much needed new supply.

Figure4 presents price duration curvies ERCOTenergy marketin each year fron2008 to
2011 A price duation curve indicates the number of ho(sisown on the horizontal axid)at
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the price is at or above a certain lefg@iown on the vertical axis)The prices in this figure are
thehourly loadweightedzonalbalancing energgrice for the zonal market and hourly lead

weightednodalsettlement point price for the nodal market.

Figure 4. ERCOT Price Duration Curve
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In Figure4 we can see the impact of much higher natural gas prices experienced in 2008, leading
to higher energy prices across tlastvmajority of hours in that year. In contrast, with similar
levels of natural gas prices for the past three yeargribe duratiorurvesfor 20091 2011 are

remarkably close for most of the year.

To see the wherthe prices during 2011 were much different than in the previous two years, we
presenfigure5, which compares prices for the highest five percent of hours. In 2011, energy

prices for the top 100 hours were significantly higher than in the past two yeigrthis small

2 ERCOT switched to a nodal market on December 1, 2010. The December nodal prices are included in the 2010

price duration curve.
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number of very high priced hours which is therary driver of higher average energy prices in
2011.

Figure 5: ERCOT Price Duration Curve i Top 5% of Hours
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To better observe theffect of thehighestpriced hoursthefollowing analysis focuses on the
frequency of pricespikesin thereattime energy market since December 2010. Prior
information was from the zonbhlancing energy markeFigure6 shows the average price and
the nuniber of price spikes in each montRor this analysisprice spikes are defined as intervals
where the loadveighted averagenergy pricen ERCOT is greatathan 18MMB tu per MWh
times the prevailing natural gas pricBrices at thitevel should exceetthe marginal costs of

virtually all of theon-line generators in ERCQT

The number of price spike intervalaring 2011 was 8Ber month a decrease from the p&r
month in 2010 However, just looking at the average can be misleading. Comparingptiitély
details of 2011 with 2010 we see that for most months there were much fewer price spike
intervals in 2011, likely due to the improved efficiencies of the nodal mafket noticeable

exceptions were the months of February and August.
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Figure 6: AverageRealTime Energy Prices and Number of Price Spikes
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To measure the impact of these price spikes on average price levels, the figure also shows the
average prices with and without the price spike intervalge top portios of the stacked bars

show the impact of price spikes on monthly average price léuéts.to 2011, the impact grew

with the frequencyf the price spikes, averagi®d0.71 $4.67and $5.53er MWh during2008,

200 and 2Q0, respectively However, in 211 the impact on average energy price was
$14.09per MWh, or 48 percent of the annual averpgee This increased impact of the price
spikes is a direct result of the improved mechanism for pricingirealenergy during scarcity,

as discussed in more detail in SectibB, Effectiveness of the Scarcity Pricing Mechanism

To depict how realime energy prices vary by hour in each zdfigure7 shows the hourly

average price duration curve in 2011 fiaur ERCOT load zones. The Houston, North and South
load zones had similar prices over the majority of hours. The price duration curve for the West
Zone is noticeably different than the other zones, with more hours with prices greater than
$50per MWh aml over 800 hours (9 percent of the time) when the average hourly price was less
than zero.The relatively low prices in the West zone are generally caused by high wind output

in the West that frequently results in severe congestion on transmissiorcegdrtan the West
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zone to the other zones in ERCOThe relatively higher prices in the West zone are caused by
local transmission constraints that typically occur under low wind and high load conditions.

Specifics about these transmission constraimtgeovided in Sectiohl, Transmission and

Congestion
Figure 7: Zonal Price Duration Curves
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B. RealTime Prices Adjusted for Fuel Price Changes

Although realtime electricity pricesire driven to a large extent by changes in fuel prices, natural

gas prices in particulathey are also influenced loyher factors

To clearly identify changes in electricity prices that are not driven by changes in natural gas
prices,Figure8 andFigure9 show the load weighted, hourly averagattime energy price
adjusted toemove the effect of natural gas price fluctuations. The first chart shows a duration
curve where theeattime energy price is replaced by the marginal heat rate that would be

implied if natural gas was always on the margin.

3 Thelmplied Marghal Heat Rateequalseitherthe Balancing Energy Pricézonal) or theRealTime Energy

Price (nodal)divided by theNatural Gas Price This methodology implicitly assumes that electricity prices
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Figure 8: Implied Marginal Heat Rate Duration Curve i All hours
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The second chart shows the same duration curves for the five percent of hours in each year with
the highest implied heat rate. Both figusé®w duration curves for the implied marginahhe

rate for 2008 to 201 Bimilar toFigure4, Figure8 shows that the implied marginal heat rates

were relatively consistent across the majority of hours from 2008 to 20#limplied heat rate
during 2011 was somewhat higher for most hourgmdompared to 2010. This can be

explained by thenuch higher loads experienced throughout 200Here were 198ours during

2011 when the implied heat rate was greater than 30 MMBtu per MWh, compared to 145, 146
and 170 hourg 2008, 2009and 2010respectively. This indicates that there are price

differences that are due to factors other than changes in natural gas prices.

move in direct proportion to changes in natural gas prices.
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Figure 9: Implied Marginal Heat Rate Duration Curve i Top five percent of hours
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The price differenes that were apparent frdfigure4 in the highespriced hours persist even

after adjugng for natural gas pricesrigure9 shows the implied marginal heat rates for the top

five percent of hours in 2008 through 2011 and highlights that although the number of hours with
high (greater than 30 MMBtper MWh) implied heat rates did increas011, the larger effect

was due to the heigh#t which scarcity prices were set.

To further illustrate these differences, the next figure shows the implied marginal heat rates on a
monthly basis in each of the ERCOT zones in 2010 and 2011, with annual average heat rate data
for 2008 through 2011. This figure is the fuel pramustedversion ofFigure2 in the prior sub

section. Adjusting for gas price influenéggure10 shows that the annual, systevide average

implied heat rate increased significantly after remaining constant for the previous three years.
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Figure 10: Monthly Average Implied Heat Rates
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The monthly average implied heat rates in 2011 are generally consistent with 2010, with notable
exceptions in February and August. Higher heat rates in February can be expldhed by
extended periowhen realtime prices wer&3,000 per MWh du¢o extreme cold weathand

the resulting unplanned outageshoimerous generator€Extended hot, dry weather resulted in
record system peak demands in August, and another extended period of energy prices reflecting
scarcity conditions The differencesn the average annual implied heat rates observed at the

zonal level can be attributed to the continued significant congestion related to wind generation
exports from the West zone.

We conclude our examination of implied heat rates from thetimmalenegy market by
evaluating them at various load levdtggure 11 provides the average heat rate at various system
load levels for 2011 and 20f0.

To appropriately compare twelve months of data under each market design, data labeled aBig0fl ihis
from December 1, 2009 through November 30, 2010.
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Figure 11: Heat Rate and Load Relationship
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In a well performing market, a clear positive relationship between these two variables is
expected since resources with higher marginal costs must be dispatched to serve higher loads
Although we do see generally positive relationship, there is a noticeable disparity for loads
between 50 and 55 GMDuring the extreme cold weather event in early February, loads were at
this level while prices reached $3,000 per MWh for a sustained period of time.

We al® observe small reductions in heat rates for most load levels during 2011 compared to

2010, which we attribute to the enhanced efficiency of the nodal market.

C. RealTime Price Volatility

Volatility in reattime wholesale electricity markets is expectedanee system load can change
rapidly and the ability for supply to adjust can be restricted by physical limitations of the
resources and the transmission netwdfigure12 presents a view of the price volatility
experienced itmeeieRCmalkétduringéadummer months of May through
August. Average fiveninute LMPs are presented along with the magnitude of change in LMP
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for each fiveminute interval. Outside of the hours from 15 to 18 (2:00 pm to 6:00 pm); short
term increases in average LMPs are typically caused by singular occurrences of high prices

resulting from generator ramp rate limitations.

Figure 12. RealTime Energy Price Volatility (May 7 August)
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The average of the absolute value of changes imfiveite LMPs, expressed as a percentage of
average LMP was approximatelyp6rcent for this period. To be able to compare with zonal
market results, arilar percentage was calculated using 15 minute settlement point prices for
the four geographic Load Zones.

From the comparisons showelowin Tablel, implementation of the nodal market has resulted

in less price volatility than experienced in the zonal market. Price volatility in the West zone has
continued to be higher than in the other zones, which is expected given the very high penetration
of variable output wind generation located in that area.

Pagel3



RealTime Market

ERCOT 2011 State of the Market Report

Table 1. Price Change as a Percent of Average Price

Load Zone 201071 Zonal 20117 Nodal
Houston 17.8% 14.0%
South 17.1 14.5
North 17.7 13.1
West 18.5 171

In well functioning markets we expect to observe a close correlation between price and load

levels. This relationship was not observed under the zonal market design and was described

repeatedly in prior annual repctts

Figure 13: Price Load Relationship during Summer Ramping Up Hours
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The relationship between average prices and average load levels during selected hours of the
summer months are shownkigurel3andFigurel4. The periods shown in these two figures
are times when there are typically large changes in load levels and associated generation
rampirg.

5

See2009 ERCOT SOM Report at 28, 2008 ERCOT SOM Report at-28, and 2007 ERCOT SOM Report
at 6065.
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Figure 14: Price Load Relationship during Summer Ramping Down Hours
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The correlation between price and load is very high during the ramping up hours. This is the
expected result when price formation is based on the cespplfy to meet the entire demand,
rather than to meet a delta between total load and schedules, which was the case in the zonal
market. The relationship between price and load during the ramping down hours exhibits
discontinuities at 10:00 pm and justeaftnidnight. These short term price increases are

typically the result of prices rising in response to transitory generating unit ramp rate limitations
in the aftermath of units turning off overniglEven so, these price movements are much

smaller, andess frequent than what was routinely observed in the zonal market.

D. February Cold Weather Event

A significant operational challenge greeted the nascent nodal market in the early morning of
February 3. The resulting market outcomes had a sizable effect on the overall annual results.

This section more fully describése specifics of that event.

In the early morning hours of February 2, 2011, the ERCOT region experienced extreme cold
weather conditions, recd electricity demand levels, and the loss of numerous electric
generating facilities across the ERCOT region. These events combined to riéwult in

deployment ofoad resources contracted to provide responsive reserve service and Emergency
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Interruptibke L oad Ser andcutminatédivithl4 BAIYV of firm load being shed for

several hours.

Shown inFigurel5are the five days through February 2, 2011 withhiighest ERCOT

electricity demand at the time just prior to the deployment of load resources. The demand for
electricity in the early morning of Februargﬂﬂvas 2,760 MW higher than on any other day in

the history of the of the ERCOT region at this saime, and was experiencing a rapid rate of
growth as is typical on such cold winter mornings. The demand curve for February 2, 2011 is
noticeably distorted after 5:20 a.m. due to the various stages of load shedding that started at that
time and remainenh effect until just after 1:00 p.m., with the exception of approximately

470MW of EILS deployments that remained in effect until approximately 10 a.m. on

February3™.

Figure 15. Top 5 ERCOT Loads at 05:20 through Feb. 2, 2011
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Also shown inFigure15is the estimated load that would have materialized on Feb2{fary

absent any load curtailmentghichindicates that, absent curtailments tlemand in the
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ERCOT region would have appidaed 59,000 MW just after 7 a.m. Thisalsost 2,300 MW

higher than the previous record instantaneous demand for eledtitliig time of the day.

To provide additional perspective on the capacity linitet experienced on Februay,
Figurel6 shows the available capacity (online capacity plus offlinesmnning reserves) and
the ERCOT load for the seven days from January 31 through February 6, 2011.

Figure 16: Seven Day View of ERCOT Available Capacity and Load
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The data irFigure16 highlight the highly unusual and extremely narrow gap between available
capacity and actual load that was experienced on the morning of Febraafy relative to

other days of similar and much lower load levels. These data also highlight the successful efforts
to return substantial generating capacity to service prior to the record peak demand on the
evening of February”2and to sustain the al@bility of that capacity for the high electricity

demands experienced again on Febru4ty 3

As a general principle, competitive and efficient market prices should be consistent with the
mar ginal cost of the mar gi merandalnthae vashmajordyk e n

of hours, the marginal cost of the marginal action is that associated with the dispatch of the last
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generator required to meet demand. It is appropriate and efficient in these hours for this
gener at or t o \Wieseeg thisis foetruegpundercsteortage conditions. When the

system is in shortage, the demand for energy and operating reserves cannot be satisfied with the
available resources, which will cause the system operator to take one or more of the following

actons:

e Sacrifice a portion of the operating reserves by dispatching them for energy;
e Voluntarily curtail load through emergency demand response programs;
e Curtail exports or make emergency imports; or

e Involuntarily curtail load.

A market design that adhersthe pricing principles stated above will set prices that reflect

each of these actions. When the market is in shortage, the marginal action taken by the system
operator is generally to not satisfy operating reserves requirementdigpatching resees for
energy). Diminished operating reserves results in diminished reliability, which has a real cost to
electricity consumers. In this case, the value of the foregone regemmsh is much higher

than the marginal cost of the most expensive omgjereratoil should be reflected in energy

prices to achieve efficient economic signals governing investment in generation, demand

response and transmission.

During the morning of February 2, 2011, ERCOT operating reserve levels were reduced to

perilouslyl ow | evel s for a sustained period of ti me
operating reserves i s Physical Responsive Res
|l evel s of Energy Emergency Al ert FiguicE/sHoas) once
the wholesale market prices and PRC from 21:00 on February 1 thrib@ghoh

February2, 2011.

The data irFigure17 show increased price volatility from 3:30 to 4:45 a.m. as system demand

was increasing and generating units continued to be in various stages of tripping and starting. By
4:55 a.m., prices had reached a sustdieeel $3,000 per MWh, and PRC dropped below

2,300MW by 5:10 a.m. PRC dropped to as low as 445 MW at &:2b, and remained

consistently below the minimum 2,300 MW level until 12p06.
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Figure 17: Prices and PRC (2/1/11 21:00 2/2/1121:00)
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These wholesale market pricing outcomeseconsistent with the ERCOT energply market

design. The wholesale market prices began communicating the degradation in system reliability
as early as 3:30 a.m. By 4:55 ainl5 minutes prior to the reduction of PRC below the

minimum acceptable levef @,300 MW and 50 minutes prior to the first stage of firm load
shedding prices were consistently communicating the rapidly deteriorating system reliability
conditions. Finally, as load levels naturally reduced and reserve levels were restored, prices

dropped back to levels typical of n@hortage conditions.

The secondary effect of the conditions during the morning of February 2, 2011 was the effect on
the dayahead market for February 3, 20IHigure18 shows the hourly average dakead

market energy prices for FebruarYthrough the 5. Notable inFigure18is that, wiile

somewhat higher than a typical day, the-dagad prices for Februar{fre significantly lower

than the reatime prices shown ifigurel7 for the same dayFigurel8also shows that the

day-ahead prices for Februar{f @vere substantially higher than on Februdiend, in fact,
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represent the highest dahead market prices experienced since the implementation of the nodal

market.
Figure 18: Average Hourly Day-Ahead Prices for Feb. 15, 2011
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To better understand these eatyead pricing outcomes for Februaf§r8quires a review of the
day-ahead market function and timing. The ERCOT-dagad market is not a mandatory
market; rather, it is a voluntary market that consists of willing sellers that will be cleared for
offers to sell energy at their offer pricelagher and willing buyers that will be cleared for bids
to buy at their bid price or lower. The dalead market is not limited to physical generation as
sellers or physical load serving entities as buyers. In other words, any market paiticipant
whethe it has a physical position in the market or haain participate in the deghead market
and take a financial position against the+te@ak market. Because of the voluntary, financial
nature of the dagphead market, its outcomes are strongly driveaxXpectations of the redéiime
market performance for the following day.
On this point, an understanding of the timing of the-alagad market execution is critical. The
day-ahead market opens for bid/offer submission at 6:00 a.m. on the day prioopethgng

day, and the submission window closes at 10:00 a.m. Thus, for the Febfumyshead
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market, the submission window opened at 6:00 a.m. and closed at 10:00 a.m. on F&bruary 2
Thus, at the time that bids/offers were submitted for the Bep&f day-ahead market, ERCOT
was in the middle of the EEA level 3 events on Febru¥ty Qonsiderable uncertainty regarding
generating unit availability and system conditions for Febru§mp@sted at that time, while the
forecast called for contirad arctic conditions across the state and record electricity demand was

again forecast for the ERCOT region.

On a typical day, the deghead market results for Februazgould give rise to market
performance concerns, just as the-temk results on Fguary 29 would also raise concerns on

a typical day. However, the retine system conditions on Februafy @ere far from typical,

with the market outcomes reflecting the underlying system reliability conditions, consistent with
the energyonly marketdesign Likewise, the dayghead market outcomes for Februadfyware
driven by the highly atypical uncertainties and risks facing both the supply and demand sides that
existed at the time the dahead market submissions occurred, and the resultstare no
unexpected given those considerations. Notably, while thaldegd prices for Februasy’

averaged $465.64 per MWh, dalgead prices for Februar and 3" averaged $99.56 and

$44.68 per MWh, respectively, as the weather moderated resulting iasktiedectricity

demands and generation resources previously experiencing outages were returned to service.
Although neatrecord electricity demand levels were again experienced on Febffjay 3
substantial number of generating units that were forcedfaervice on February'®were able

to return by the morning of Februar$.3Reaitime prices on February*averaged

approximately $112 per MWh, which is higher than a typical day but much lower than the day
ahead prices for that dapverall, we ind that the reatime and dayahead wholesale markets

for February 2 and & operated efficiently given the system conditions and the outcomes are

consistent with the ERCOT energnly wholesale market design.

Although a wide range of actions were urndken by generation resource owners in preparation

for the extreme weather conditions, it is clear from the unprecedented loss of generation capacity
on the morning of February®hat many of these preparatory efforts were unsuccessful. This
experiencevill serve to produce lessons learned and specific areas for improvement in the areas
of generation resource weatherization and coordinated extreme weather pl&wengll,

although the scope and magnitude of the generating unit outages on Feltuay &solutely
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unprecedented, we do not find any evidence that indit@éeany ofthe outages were the result

of physical withholding.

Another measure to provide additional insight related to this finding is the relative profitability of
market participnts during these events and how it correlates with unit outages. Although an
assessment of profitability in isolation is insufficient to draw conclusions related to market
manipulation or market power, increased profitability is the primary motive assdavith

resource withholding strategies. Hence, a negative correlation between resource outages and
profitability would provide increased confidence in the finding that the outages were not the

result of market manipulation strategies or market poweseh

Figure 19: Generation Availability and Net Financial Position on Feb. 2, 2011
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Realtime market prices on the morning of Februdaere at or near the systemide cap of
$3,000 per MWh due to the shatipply conditions existing during the EEA evektgure19
shows the relationship between wésale market profitability on Februar$f 2nd availability of

generation during the morning of Februaf§far market participants representing the largest
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fleets of generating resources. The dataigure19 show that those market participants who
were able to operate their generation fleet at greater than 90% availability during the morning of
February ¥ were financially successful that day. In contrast, mapketicipants affected by

significant generation outages found themselves unprofitable thit day

Day-ahead market prices for Februaf§\8ere also affected by the conditions on Febru&ty 2

and were substantially higher than normal levélkhough me market participants that lost
money on February'2were able to recover much of their lost generating capacity and financial
losses on February“3noneof the market participants that Iasgnificant generatingapacity
andwere unprofitable ofrebruary2" had financial gains oReb. 3" that significanty exceeded

their losses on Februa®)".

E. August Weather Conditions and Shortages

The summer of 2Qwill be remembered as the hottest and driest on rend®COT. These
extreme weather condins led torecordhighdemand for electricitguring August There were
50 hours in 2011 with electricity demands that exceedeli¢inesthourly demand thaiccurred
in 201Q More details of the demand for electricity in ERCOT are providegegtionlV.A,
ERCOT Loads in 201.

During these high demand conditions there ighareased likelihood that the available

generation capacity is not sufficient to meet customer demands for electricity and maintain the
required reliability reserves. As more fully descrilteg@r in SectiorV.B, Effectiveness of the
Scarcity Pricing Mechanispthe nodal market causes energy prices to rise totvargystem

wide offer cap as available operating reserves approach minimum required levels to reflect the
degradation in system reliabilityFigure20 shows the aggegated amount of time represented by
all dispatch intervals where tiheattime energy price was at the systenae offer cap,

displayed by monthOf the 28.5 hours of the annual taiiahe at the systermwide offer cap,

more than 17 hours (60 percentroed during August.

®  The data irfFigure19 do not include market participantsthdut physical generation resources or market

participants operating only wind generation resources or relatively small fleets-ofimbigeneration
resources. Outage capacity does not include planned outages.
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Figure 20: Duration of Prices at the System Wide Offer Cap
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The next figure provides a more detait@mparisorof load, required reserve levels, and prices

in July and August.The weather in ERCOT was esiely hot and dry during both months, but
there were very few dispataftervalswhen realime energy prices reached the sysigite

offer cap in July compared to the relatively high frequency it occurred in August. Although the
weather may have been similar, thexere significant differences in load and available operating

reservdevels, resulting in much higher prices in August.

Shown o the left side oFigure2lis the relationship between ret@ine energy price and load

level for each dispatch intervidiliring the months of July and Augu&RCOT loads were

greater than 65 GW for three hours in July, whereas load levels exceeded 65 GW for 71 hours in
August. As previously discussed,strong positive correlation betweeigher load and higher

pricesis expected in a well functioning energy markéte observe suchralationshipbetween

higher prices and higher loads in both mont4th overall higher loads and more frequent

occurrences of very low operating reserveAugust, higher energy prices are expected.
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Although load levels are strong predictors of energy prices, an even more important predictor is
the level of operating reserves. Simply put, operating reserves are the difference between the
total capacity of perating resources and the current load level. As load level increases against a
fixed quantity of operating capacity, the amount of operating reserves diminigmesninimum
required operating reserves prior to the declaration of Energy EmergencyéMeri by

ERCOT is 2,300 MW. As the available operating reserves approach the minimum required
amount, energy prices should rise toward the systeata offer cap to reflect the degradation in

system reliability.

Figure 21: Load, Reservesand Prices: July and August

On the right side dfFigure21 are data showing the relationship between-tiea energy prices

and the quantity of available operating reserves for each dispatch interval during the months of
July and August. This figershows a strong correlation between diminishing operating reserves
and rising pricesIn July available operating reserves were generally maintained well above
minimum levels, and there were only 0.22 hours where the energy price reached $3,000 per

MWh. In contrast, there were numerous dispatch intervals in August when the minimum
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